W A Souter
The functions of the elbow are threefold: (a) as a component joint of the lever arm which positions the hand; (b) as a fulcrum for the forearm lever; and (c) as a weightbearing joint. In the very disabled patient this may become of vital importance during such activities as rising from a chair or walking with crutches.
To fulfil these functions the elbow must be free from pain, mobile, and stable. As a result of rheumatoid arthritis all three of these requirements may be lacking, so that elbow function, especially in the later stages of disease, can become greatly impaired.
Incidence of elbow disease in rheumatoid arthritis Laine and Vainio reported unilateral disease in 21% of 191 patients with definite or classical rheumatoid arthritis, with no less than 45% affected in both elbows. ' Freyberg found clinical and radiological evidence of elbow disease in 38% of patients with a history of rheumatoid arthritis ranging from five to 25 Pathology of rheumatoid elbow disease Rheumatoid arthritis can manifest itself in a variety of ways in the elbow joint, including nodules and bursae, synovitis, progressive joint destruction, antecubital cysts, and ulnar or, rarely, posterior interosseous nerve palsy. The antecubital cysts usually occur during acute episodes of extremely hyperplastic synovitis due to herniation of synovium through the relatively weak anterior capsule of the joint. The nerve palsies also arise from synovial herniation. In the case of the ulnar nerve, pressure may arise from protrusion of synovium under the transverse section of the medial collateral ligament bridging the gap between the posterior and anterior bands of that structure. The presence of such a synovial cyst in the very confined tunnel formed by the posterior surface of the medial epicondyle anteriorly and the arcuate ligament posteriorly can readily give rise to ulnar neuropathy. Synovium in the anterolateral compartment of the elbow normally forms a blind pocket lining the interval between the annular ligament and the head of the radius.
Where there is severe proliferative synovitis with marked tension within the joint this pocket can be pushed distally from under the margin of the annular ligament as a synovial cyst dissecting into the tissue of the forearm. Any such protrusion is likely to displace the posterior interosseous nerve against the sharp tendinous margins of the origin of the extensor carpi radialis brevis and the superficial humeral lamina of the supinator muscle (the ligament of Frohse). Paralysis of the posterior interosseous nerve will result in total loss of extension of the fingers and, though a rare occurrence, must be entertained in the differential diagnosis of massive extensor tendon rupture.
By far the most important aspect of rheumatoid disease in the elbow is the steady erosion of the joint surfaces. The Hastings and Kwok examined 140 radiographs of 80 elbows in 40 patients in an effort to study the natural history of the progression of rheumatoid erosion.5 In phase 1 of this process they considered that although there might be some early loss of cartilage space, the main problem was one of synovitis and periarticular osteoporosis. In phase 2 there was significant loss of cartilage in both the humeroulnar and radiocapitellar joints, and this could also be accompanied by marginal erosions. In phase 3 the main brunt of the destruction seemed to fall on the humeroulnar joint, while little progression might take place in the radiocapitellar joint. What did occur in the latter, however, was an anterior subluxation of the radial head relative to the capitellum. In this position it appeared to become a mechanical block to flexion and extension once there was erosive change in the trochlea. Hastings and Kwok accordingly suggested that although conservative medical treatment might be appropriate to phase 1 and surgical synovectomy to phase 2, in phase 3 excision of the radial head was imperative if optimal function was to be restored to the joint. In the final phase 4, there was extensive destruction of the humeroulnar joint so that the trochlear notch of the olecranon migrated proximally into the now markedly deficient trochlea of the humerus. Moreover, they pointed out that this proximal migration was responsible for the appearance on lateral radiographs of the capitellum seeming to overlie the ulna so that the inexperienced observer might be led to assume that the film had been incorrectly taken at an oblique angle. Hastings and Kwok pointed out that at this phase of joint destruction the head of the radius may be acting as a major stabilising force against the frontofthecapitellum so that in the event of surgical treatment being attempted merely by means of synovectomy, joint debridement, and excision of the head of the radius, the instability of the elbow may be markedly increased. They therefore recommended that at this phase of the disease total joint replacement was indicated. I agree with this and would further advocate that joint replacement should not be too long delayed because if phase 4 As some degree of loss of elbow extension is commonly found in patients who appear to be unaware of any elbow problem it seems likely that the elbow may be significantly affected quite early in the disease without much in the way of discomfort or loss of function. Major loss of movement and function seem to be manifestations of late disease. Thus all too often by the time the patient is seen at the surgical clinic the opportunity for minor conservative surgery has passed and radical reconstruction of the joint is likely to be necessary. This problem of late presentation of elbow disease was noted by Wilson, Arden, and Ansell.7 In a series of 57 elbow synovectomies undertaken in 48 patients nearly all the elbows showed such severe radiological changes that there seemed little doubt that they had been the seat of disease for a long time. Certainly in systemic disease only 15% of the patients had had rheumatoid disease for less than five years. Despite this, 53% of the patients claimed that their elbow symptoms had been present for under two years, and only 15% reported early symptoms. It showing very major loss of flexion total joint replacement is likely to be followed by very significant gains. The situation for extension is very different, however. Here the experience of most workers has been that the range after surgery is likely to be little improved. It is therefore of great importance that patients are not allowed to develop flexion deformities greater than 60°as this may render it very difficult, if not impossible, for the surgeon and physiotherapist to restore a really functional range of movement postoperatively.
The final clinical problem for the patient may be the development of instability, which is only likely to occur after there has been extremely severe bone destruction. With good combined medicosurgical supervision this situation should not be allowed to develop. 2 Major cysts at the olecranon-coronoid junction, in association with severe grade [3] [4] [5] erosions. In these circumstances surgery is urgently required (fig 6A) . 3 Progressive loss of extension beyond 60°. 4 Instability which indicates very severe bone destruction and endangered ligamentous stability. 5 Progressive radiological deterioration within grade 4. If such changes are obvious surgery should not be delayed until the patient has deteriorated into grade 5 as the bone stock available for fixation of any implant will then be very much poorer and a modification in the operative technique may become necessary. Thus major cystic change within the humerus, especially in the area of the capitellum (fig 6B) , must be monitored very carefully with serial radiographs because, ifsuch pathology is allowed to go unchecked, sudden disastrous collapse of the surrounding shell of bone may occur, the disease passing rapidly from grade 4 to advanced grade 5. Moreover, if this collapse has not occurred spontaneously, at surgery the destruction of bone may be found to be so great that the outer shell ofthe humeral condyles disintegrates, thus rendering the fitting and fixation ofstandard prosthetic components extremely difficult or impossible.
Indications for operation

Surgical management
To deal with the full spectrum of rheumatoid disease the surgeon has at his disposal a considerable armamentarium: (a) excision of nodules and bursae; (b) synovectomy; (c) excision of synovial cysts; (d) excision of the radial head; (e) anatomical or excision arthroplasty; (I) total joint replacement; (g) arthrodesis; (h) decompression of ulnar or posterior interosseous nerves, or both.
EXCISION OF NODULES AND BURSAE
Rheumatoid nodules over the posterior border of the olecranon or ulna are such an inherent part of rheumatoid disease that it is doubtful if there is any point in their routine removal. Where, however, they become large and unsightly, and especially if they are affecting the skin with a threat of ulceration (fig 7) , their removal is certainly justified if for no other reason than to remove a potential source of infection should surgery in the elbow joint itself be required at a later date. A similar philosophy ofmanagement is applicable to olecranon bursae. If surgery is undertaken patients should always be warned of the strong possibility of recurrence. In the case of bursae it must also be remembered that some of these may be in communication with the synovial cavity of the elbow. Where this is the case any lasting result will only be achieved when synovectomy of the joint itself is undertaken.
SYNOVECTOMY
The indications for synovectomy have already been discussed. The operation, usually done in conjunction with excision of the head of the radius, first came to prominence with the reports of Laine and Vainiol and Mori.9 Several other major reports followed from a number of centres during the next five years.3 7 1013 In the main these reports were fairly enthusiastic, pain being abolished in 80-90% of the cases. More varied opinions were expressed about restoration of movement, some authors finding that significant gains in flexion and extension occurred in 30-55% of cases,7 10 Three main causes can be cited for these disastrous results. First and foremost come the rotational stresses, which are transmitted to the cement/bone interface in the humerus during activities such as lifting an object between the palms of the hands. In order to do this an internal rotation force must be generated on the humerus and then transmitted across the elbow. In the normal elbow there is a wide bone surface for this transmission and any tendency for the elbow to buckle outwards is resisted by the tiebeam of the medial collateral ligament. In the original hinges, however, where the condyles were removed and with them the proximal ligamentous attachments the only mechanism for transmitting the rotational force from arm to forearm was through the cement/bone interface in the humerus, the latter acting as a box spanner on the stem of the implant. Moreover, it was just at this point that the maximum loosening problem was observed.
The second important factor is the posterior pull of such muscles as the brachioradialis with the elbow at 900. Certainly once any minor loosening has been established, the pull of such forces will tend to push the hilt of the prosthesis backwards while angling the tip of the stem forwards against the anterior cortex of the humerus, and indeed ballooning and eventual perforation of the anterior cortex was only too commonly observed. patients were subjected to replacement arthroplasty. Twenty of these patients died and four were lost to follow up. Seventy remain under review so that five year follow up data are available on 85 elbows.
The pain relief experienced by these patients has been extremely gratifying. Whereas before surgery 82 of the 85 elbows were the seat of very significant pain, 78 of the elbows were either free from pain or subject to only occasional twinges at one year after surgery. This figure is well maintained at five years after surgery.
The recovery of flexion has also proved very acceptable: the mean flexion before surgery was 1270 and at one year after surgery 143°. Once more this has been well maintained at the five year follow up. What is particularly encouraging is that if one starts with minimal loss of flexion but a very painful joint there is very little risk of losing flexion, while if one starts with major limitation of flexion there is an excellent chance of gaining very worthwhile improvement.
The gains in supination and pronation have also been very acceptable.
Improvement of extension, however, is much less satisfactory, the mean figure being identical before and after surgery respectively. In my own series of 112 cases followed up for five years two cases were encountered: one a late infection four years after surgery and a second case of subacute smouldering infection, which eventually resulted in loosening of the implant and the necessity for revision after five years. No positive bacterial culture was ever obtained from this case, nor was the histology obtained at revision considered to be in any way typical of an infected joint. In view of this the possibility does exist that the cause of the loosening in this patient was some form of metal sensitivity, especially as the patient was clearly shown to be highly sensitive to cobalt.
Although occasional resolution may be achieved through debridement of the affected 33. joint, in the vast majority of cases the prosthesis will have to be removed. Fortunately, the resulting pseudarthrosis, perhaps because of the scarring which follows the acute infection, may provide a remarkably functional joint.
In view of the disastrous consequences of this complication every possible precaution must be taken to prevent its occurrence. My own preoperative regimen includes careful skin preparation on the night before and on the morning of surgery, the use of systemic antibiotics and antibiotic impregnated cement, the release of the tourniquet so that haemostasis can be achieved before closure, the use of closed suction drainage, the application immediately after surgery of a massive multilayered compression bandage using cotton rather than orthopaedic wool to minimise the risk of any pressure sores, the windowing of any posterior plaster shell over the olecranon, and, especially in very thin patients, the use of padded muffs over the point of the elbow for prolonged periods after surgery or even indefinitely. Although it would only be with the greatest reluctance that one would advocate total joint replacement in a teenager or very young adult, circumstances do occur when this line of treatment should perhaps be considered. It is a curious fact that in juvenile chronic arthritis the elbow will commonly ankylose in relative extension. If this occurs bilaterally, with complete bony ankylosis in elbow, radioulnar, and wrist joints, and with the elbow in an extended position of sometimes as much as 20°, the disability for the patient can be appalling so that total replacement arthroplasty of the elbow, at least on one side, is fully justifiable. Moreover, the restoration of movement in such cases can be very gratifying.
THE FLAIL ELBOW
It must be realised that there are limitations to the use of an unlinked elbow prosthesis. In the most severe forms of rheumatoid destruction, where the elbow has become essentially flail and ligamentous continuity has been lost, recourse must be made to a linked prosthesis. A modified form of my own implant has been developed for such cases (fig 14) . In this the ulnar component is supported in a metal carriage with a 5 cm intramedullary stem while the high density polyethylene trochlear notch is fashioned to a contour slightly greater than a semicircle so that a snapfit over the waist of the metal trochlea becomes possible, the prosthesis thus having inherent stability. Such implants should be only rarely required in primary rheumatoid surgery, but will be fairly commonly necessary in revision surgery.
Summary and conclusions I suggest that for too long the problem of the rheumatoid elbow, particularly the need for surgical intervention, has been underestimated. Where the latter has been advocated the philosophy has been adopted that synovectomy and debridement with excision of the head of the radius is probably all that is required, or that in the late case excision arthroplasty may yield an adequate result. I suggest that these approaches are no longer tenable. Synovectomy and debridement with or without excision of the head of the radius does indeed retain an extremely valuable place in the management of stage 1, 2, and early stage 3 disease. In the later stages of the disease, however, serious consideration must now be given to total joint replacement, the results of which can be remarkably successful and durable, and the complications from which can now be contained within acceptable limits provided that the operating team is fully experienced. It must also be stressed how necessary it is in the medical or combined clinic to pursue careful clinical and radiological monitoring of the rheumatoid elbow so that signs of dangerous deterioration can be recognised early, and surgery applied at a time when optimal conditions for the particular surgical weapons to be used still exist. 
